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A NOTEONTHEDRAGDUETO LIFTOFDELTAW13WS

ATMAc-HNumEmuPTo2.o

By RobertS.OsborneandThomasC.Kelly

SUMMARY

In orderto indicate the effectsofReynoldsnunberamdother
variablesonthedragdueto liftofdeltawingsforMachnumbersup
to 2.0,theresuitsof severslinvestigationsofwing-bodyccnibinations
havingdeltawingswithaspectratiosfrcnn2 to 4 havebeenassembled
forcomparisonandbriefsmalysis.

TheeffectsofReynoldsnumber,leading-edgeradius,andthickness
ratiocouldgeneraUybe correlatedwithReynoldsnmnberbasedonthe
leading-edgeradiusas a parameter.Theeffectsofleading-edgeReynolds
numberondragdueto liftwerelargeatWch numberslessthan0.25.
However,withincreasesinMachnuniber,the
almostnegligibleat a Machnumberof 2.0.
werelarge,aswouldbe expected.

Itwasindicatedat leastforsubsonic
thedragdueto liftmightbe obtainedfrom
to inhibitflowseparationatthewingtip.

INTRODUCTION

effectsdecreasedsmdwere
TheeffectsofaspectratiG

speedsthatimprovementin
wingmodificationsdesigned

Low-speedinvestigateionsofdeltawingshaveindicatedthatReynolds
numbervariationshavelargeeffectsondragdueto lift(seeref.1,
forexample). Becauseoftheinterestinthedeltawingfortrsmsonic
andsupersonicflight,it is@ortant to investigatewhetherthesame
scaleeffectexistsathigherspeeds.Accordin@ythereadilyavailable
experimentalinvestigationsof deltawingsforMch nunibersup to 2.0
havebeenreviewedandanalyzedwithspecialreferenceto thedragdue
to lift. TheresultsofthiseJMJ_Ysisaregiveninthepresentpaper.
EffectsofReynoldsnumber,aspectratio,
edgeradiusarepresentedfordeltawings

thicknessratio,andleading-
in combinationwithbodies.
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Thedragincrementassociatedwithtrimmingthetypical.taillessairplane
configurationisalsodiscussed,andpossiblemodificationsforreducing
thedragdueto liftaresuggested.

CD

CL

dCD

dCL2

M

A

‘L.E.

R=

‘L.E.

7

t/c

dragcoefficient

liftcoefficient

drag-due-to-lift

Machnumber

aspectratio

SYMBOLS

basedontotalwingarea

basedontotalwingarea

factoraveragedupto CL = 0.3

Reynoldsnumberbasedonleading-edgeradius

Reynoldsnumberbasedonwingmea aerodynamicchord

leading-edgeradiusinpercentchord(measuredstreamwise)

meanaerodynamicchord

wingthicknessratio,fractionofchord
●

SOURCESANDEVALU~IONOFDATA

Mostofthedatapresentedhereinwereobtainedfromtestsofwing-
bodycombinationson stingsupportsinwindtunnelsorasfree-flight
rocketmodels.Someoftheconfigurations,however,includeda vertical
fin,andforMachnumbersbelow0.25somewing-alonedatahavebeenused
in orderto extendtherangeof ‘L.E. above21x 103. Mostofthedata .
havebeenpublished(refs.2 to 18), theremainderbeingunpublisheddata
fromtheLangley8-foottransonictunnel,the4-by k-footsupersonic
pressuretunnel,andthelow-turbulencepressuretunnel.A summaryof
thedatasourcesincludingtheMachnumberrange,rmge ofReynolds
numberbasedonthewingmeanaerodynamicchord,airfoilsection,aspect
ratio,leading-edgeradiusinpercentchord,andreferencen~ber is
givenintableI.

wi~-LOb, ,-..
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Wherea usablelift-dragpolarwasavailable,thevalueofthe
d%

drag-due-to-liftfactor— wastakenastheslopeofthestraight
dCL2

linethroughthepointat CL = O thatbestapproximatetheplotof
CD againstCL2 inthelift-coefficientrangefromO to 0.3. When

d%
thepolarswerenotavailable,valuesof — aspresentedinthe

dCL2
referencewereused.

It ispossiblethatattrsmsonicMachnmbersthedragdueto lift
maybe significantlyaffectedbybodysizeandshapeandby thelocation
ofthewingonthebody(ref.19). Fortheconfigurationspresented
herein,however,thebodycharacteristicsatt~sonic speedsarecon-
sideredsufficientlysimilarto allowthepresentcomparisons.At very
lowspeedstheresultsof reference1 indicatethatadditionofa bdy
haslittleeffectonthedragdueto lift,andthereforewing-alonesnd
wing-bodyresultsareprobablycomparableatMachnumbersbelow0.25.

EffectsofReynolds

DISCUSSION

NmibersmdLeading-EdgeRadius

dCD
Valuesofthedrag-due-to-liftfactor— forseveraldelta-wing

dCL2
configurationswithaspectratiosfrom2.0to Z.3areplottedinfigure1
againstReynoldsnumberbasedontheleading-edgeradiusandfree-stresm
velocity.Thewingshadvarioussymmetricalairfoilsectionsandleading-
edgeradiiand,exceptforthelow-speeddata,weregenerallylessthan
6 percentthick(tableI andrefs.2 to 16). A scaleofReynoldsnumber
basedonmeanaerod~amicchordwitha typicalleading-edgeradiusof
O.Z-percentchord(representinganNACA63Ao05airfoilsection,for
example)isalsoshowninorderthatthereadermaybe orientedto values
withwhichhe ismorefamiliar.

It is si@icant thatdataat anychosenMachnumberbutfrom
differentsourcesfallonthessmecurvewithrelativelysmallscatter.
Apparentlytheleading-edgeReynoldsnumberisthemostsignificant
singleparameterinthiscorrelationofplanesymmetricaldeltawings.
Themajordifferencesinleading-edgeReynoldsnumbershownaredueto
differencesin R=.
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d%
Largedecreasesin — areindicated

dCL2
nwber atverylowspeeds.Itwillbe noted

withincreasesInReynolds
d

athighReynoldsnumbers
thatthedragdueto liftatthesespeedsapproachesthetheoretical
valueforfullleading-edgesuctionas calculatedby theWeissinger
method. (Thedataused,however,areforwingthichessratiosashigh
as approximately12percent,whicharenotconsideredfavorablefor
high-speedflight.)WithincreasesinMachnmber,theeffectsof

dCDReynoldsnumberon — decreaseandbecomealmostnegligibleata
dC72

Machnumberof 2.0. A; transonicemdsupersonicspeeds,compressibility
effectsdeterminetheflowcharacteristicsoverthewingleadingedge
andvariationswithReynoldsnumberwouldbe expectedtobe small.

At supersonicspeeds,thedataindicatethatthedragdueto li$t
ismuchhigherthanforlowspeeds.Partofthisdifferenceisaccounted
forby theeffectsof increasingMachnumberonthetheoretical(full
leading-edgesuction)value(refs.20and21)as showninfigure1. The
data,however,alsoindicatea greaterdeparturefrom.thetheoretical
valuesat supersonicspeedsthanatlowspeeds.

EffectsofMachNumberad AspectRatio

dCD
ThevariationwithMachnumberofthedrag-due-to-liftfactor—

dCL2
ispresentedinfigure2 foraspectratiosfrom2 to 4. Forthese
aspectratios,thedragdueto liftdecreaseswith@ increaseinMach
numberfrcm0.60to approximately1 andincreasesrapidlyat supersonic
Machnumbers.Forthinwingswithrelativelysharpleadingedges,the

leading-edgesuctionislargelylostandthevariationof
dCD
— with
d~2

Machnumberisapproximatelythessmeasthevariationobtainedusing
thereciprocaloftheexpertintal.lift-curveslope.

Aswouldbe expected,markedreductionsinthedrag-due-to-lift
factorresultfroman increaseinaspectratio.Fortheconfigurations—

dCD -
employingwingsofaspectratios3 ~d 4, reductionsin — Smount

dCL2
to about28and40percent,respectively,at subsonicspeedsand20and
30percent,respectively,at supersonicspeeds
valuesfortheaspect-ratio-2configuration.

b
—

—

.—

.

b

a-scomparedwiththe

.



NACARM L5~6a
5d’i.-C 5

EPfectsofThicbessRatio

Saneeffectsofthicbessratioonthedragdueto liftofdelta
wingsofaspectratio2.0sad2.2areshowninfigure3. Thedata

dCDfollowthetrendsshowninfigure1. Thedecreasein — with
dCL2

increasingthiclmessratiowasexpectedbecausetheincreaseinleading-
edgeradiuscausesan increaseinleading-edgeReynoldsnumber.

It isnotablethatthe8-percent-thickwingexhibitsan increase
indragdueto liftwithincreasingMachnumberat subsonicspeeds,a
trendoppositetothatshownforthethinnerwings,indicatingagain
thatathighsubsonicspeeds,compressibilityeffectsratherthan
Reyaoldsnumberfix

Datapresented
tionssuchastwist

flowovertheleadingedge.

EffectsofWingModifications

inreferences22@ Z3 indicatethatwingmodifica-
andcsmberofferreductionsinthedraRdueto lift

fordeltawingswhentheMachnumberperpendicularto theieadingedge
islessthanapproximately0.70.Also,a recentinvestigation(unpub-
lisheddata)indicatesthatchordwisefencesareeffectiveattrsmsonic
speeds.Thedatashowninfigure4 wereobtainedfrommodeltestsof
u airplaneconfigurationhavinga deltawingwitha aspectratio
of 2.2andNACA00Q4-65airfoilsections.ThetestReynoldsnumber
basedontheleading-edgeradiuswasapproximately8,OOO(R~= 4.5X 106).

Theadditionof chordwisefencesextendingfromtheleadingedge
to 80percentofthechordatthe65-percentwingsemispanstation
decreasesthedragdueto liftapproximately20percentatMachnumbers
from0.6to 0.95.At higherMachnumbersthebeneficialeffectsdecrease,
andata Machnumberof 2.0no gainisindicated.Thefailureofthe.-

d~D
fencesto improve— at a Machnumberof 2.0mightbe expectedsince

dCL2
theeffectoffencesis similarto &n increaseinReynoldsnumbersmd
theeffectsofReynoldsnumberwereshowninfigure1 tobe greatly
reducedat a Machnumberof 2.0. Theincrementindragdueto lift

dCDbetweenthelowestexperimentalvalueof — md thetheoretical
dCL2

valueremainedessentiallyconstsmtforalltheMachnumberstested.
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EffectsofTrimminga Tailless
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Configuration

Longitudinalcontrolofa delta-wingair-planeby trailing-edge
“

elevensmayresultina substantialpenaltyindragdueto liftfor
trimconditionbecausetheeffectivetaillengthisrelativelyshort 4
andlargecontrolsurfacesanddeflectionsmaybe requiredtoproduce
thelongitudinalbalancingmoments. —

It isindicatedinreference24 that trirmninga wing-bodyccmbina-
dCDtionwitha deltawingofaspectratio2 (~ . 3 x 106)increased—
d~2

by from18percentto 55percentovera Machnumberrangefrom0.6
to 1.70. The elevenareawasapproxhately20percentofthetotal
wingareaandthestaticmrgin variedfrom5 to 15percentofthemean
aerodynamicchord.Forlargerstaticmarginstheeffectsoftrhming
wouldbe expectedtobemoresevere.Thelargeincreaseinthedrag-
due-to-liftincrementfortrimwithincreasingMachnumberisdueto a
combinationof increasedlongitudinalstabi~ityandde=reasedcontrol
effectiveness.

Effectsofelevendeflectiononminimumdraganddragdueto lift
fora delta-wingconfigurationarepresentedanddiscussedin some
detailinreference6.

LangleyAeronauticalLaboratory,
NationalAdvisoryComnitteeforAeronautics,

LangleyField,Va.
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TABLEI.-SUMMARYOF’DATASOURCES
.

Aspec
ratto

2.0
2.0

2.0
2.0

2.0

2.0

2.0
2.2
2.2
2.2
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2.31
2.31

3.0
4.0

AirfoilsectionM range
I

0003-63 0.60-1.7
0005-63 .24-1.7
0008-63

5 percentthick
doublewedge

5 percentthick
doublewedge

5 percentthick
doublewedge
0005(Mod.)
0M4-65 (Mod.)
0004-65(Mod.)
0004-65(Mod.)

65(06)AO06.5
65A003

Flatplate
0012

Flat plate

.24-1.7

.18-.95

.5-1.5

.5-1.5

.13
1.22-2.16

.70-.94

.60-2.01

.75-1.7
.12
.13
.13

.13-.27
65-010 I <.25
65-010 I .07
65Ao02 .15-1.125
65Ao06 .15-.60

0003-63 I .60-1.7
3 percentthick
hiconvex
(mod.)

5.OX 106
3.OX 106
3.OX 106
5.3x 106

.67-.85x 106

.67-.85x 106

15.3XT06
%1.0x 106
1.5-3.5x 106
3.8-7.3x106
11.o-24.OX10(
2.77x106
1.6X 106
1.62x 106
1.5-3.OX106
6.o-9.7x106
6.OX 106

2.6-3.5x106
3.O-9.3X106

4.8x 106
4.15X 106

%.E. Reference

I
0.10

.28 :

.70 I 5

.25 7

%.05 9

:.05 10

.28 16

.18

.18 :

.18 Unpublished

.274 6

.057 U
1.2 12
1.58 12
1.24 13
.687 14
.687 15
.025Unpublished
.229Unpublished
.10 17
.045 18

t

m

c

.60-1.7

.

L
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